
Vol.:(0123456789)1 3

Biomass Conversion and Biorefinery (2025) 15:2285–2302 
https://doi.org/10.1007/s13399-023-04954-8

ORIGINAL ARTICLE

Endophytic fungi–assisted biomass synthesis of gold, and zinc oxide 
nanoparticles for increasing antibacterial, and anticancer activities

Sameh E. Hammad1 · Mahmoud N. El‑Rouby2 · Marwa M. Abdel‑Aziz3 · Gharieb S. El‑Sayyad4,5,6   · 
Hussein H. Elshikh1

Received: 24 July 2023 / Revised: 25 September 2023 / Accepted: 26 September 2023 / Published online: 16 October 2023 
© The Author(s) 2023

Abstract
Pathogenic microorganisms and cancer continue to be the most difficult problem in public health care and the incidence of 
diseases caused by such resistant strains and cancer cells are growing. Recent advances in nanotechnology open up new pos-
sibilities for creating novel, exciting nanoparticles that are safe for human cells and may be used as smart antibacterial and 
anticancer medicines. The novelty of the present study is the extracellular green synthesis of zinc oxide nanoparticles (ZnO 
NPs), and gold (Au) NPs using the cell filtrate of the endophytic fungus Fusarium chlamydosporum MW341592.1 isolated 
from healthy leaves of Eucalyptus sideroxylon plant. Eco-friendly synthesized ZnO NPs and Au NPs were screening for their 
activity against select carcinomic cell lines and some multidrug-resistant bacteria. The synthesized ZnO NPs and Au NPs 
were characterized by UV-Vis. spectroscopy, X-ray diffraction (XRD), dynamic light scattering (DLS), transition electron 
microscopy (TEM), and energy-dispersive X-ray spectroscopy (EDX). The UV-Vis. absorption spectra of the produced ZnO 
NPs showed bands in the UV area at 320 nm, whereas the Au NPs showed bands in the UV region at 530 nm. TEM revealed 
average sizes for ZnO NPs, and Au NPs as 19.3 nm and 22.1 nm, respectively, while shape revealed both ZnO NPs and Au 
NPs with spherical-like shape. Biological assay showed that raising in the synthesized NP concentration lowers the number 
of HCT-116 human colon cancer cells and CACO2 human intestinal cancer cells, as well as associated pathogens such as 
Escherichia coli and Pseudomonas aeruginosa.
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1  Introduction

According to a WHO and NCI estimate, cancer represents 
one of the top causes of death and a major impediment 
to increasing life expectancy, accounting for ten million 
deaths in 2020. By 2040, the number of newly diagnosed 
cancer cases is estimated to rise to 29.5 million each year, 
with cancer-related fatalities rising to 16.4 million per 
year [1, 2]. Traditional cancer therapies include chemo-
therapy and radiation, but all of these methods have sub-
stantial side effects due to their inability to differentiate 
malignant cells from healthy cells. Considering this, most 
patients are treated with a combination of surgical sur-
gery, radiation, and chemotherapy. Because of the toxic-
ity of anticancer drugs, poor selectivity, the potential of 
cancer recurrence, and the development of drug-resistant 
cancer cells, the use of these treatments is limited [3]. As 
a result, there is a growing demand for the discovery and 
identification of novel medications as anticancer treatment 
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with minimal side effects as confirmed by nanotechnology 
approach, such as the use of ZnO NPs [4, 5].

Colorectal and esophageal cancers are the fourth and 
eighth most frequent malignancies worldwide, respec-
tively [6]. Colon cancer is a fatal malignant cancer with an 
increased incidence rate in those aged 40 to 50, and it is a 
leading cause of mortality. Every year, it accounts for 1.36 
million new cases and 774,000 mortality worldwide [7].

Furthermore, a microbial infection causes almost 20% 
of all malignancies [8]. According to Safdar and Arm-
strong [9], bacteraemia is a major source of life-threat-
ening complications in cancer patients, particularly those 
who take anti-cancer treatment. Because of inflammatory 
sores on mucosal surfaces and immune suppression caused 
by chemotherapy, cancer patients are more prone to inva-
sive infection [9]. Many studies link Gram-negative bacte-
ria to bloodstream infections in cancer patients [10]. Pseu-
domonas aeruginosa colonizes the human gut frequently 
during hospitalization, immunosuppression, antibiotic 
therapy, surgery, severe trauma, and other situations that 
cancer patients may confront [11]. P. aeruginosa has long 
been recognized as one of the leading causes of severe sep-
sis and mortality in people with cancer having neutropenia 
[12]. Patel et al. [13] identified colon cancer and shed light 
on the infectious proclivity of E. coli bacteremia to the 
development of colon adenocarcinoma [13]. According 
to Marco et al. [14], some E. coli strains that produce the 
genotoxin colibactin have been linked to the development 
and progression of colon cancer [14]. Buc et al. discov-
ered cyclomodulin synthesis by E. coli from phylogenetic 
group B2 in biopsies from colon cancer patients, as well 
as pathways implicated in cancer formation [15].

MDR microorganisms continue to be the most difficult 
problem in public health care. Globally, the incidence 
of diseases caused by such resistant strains is growing. 
Pathogen-acquired resistance is a significant concern for 
many antimicrobial medicines. Recent breakthroughs in 
nanotechnology provide new perspectives for developing 
unique formulations based on diverse types of NPs with 
varying sizes and shapes, as well as flexible antibacterial 
capabilities [16].

During the previous decade, nanotechnology has emerged 
as a technology that has altered every field of applied sci-
ence. The field of NPs, which is associated with nanostruc-
tured materials with very small particle sizes varying from 1 
to 100 nm, is one of the approaches to nanotechnology [17]. 
Because of their small size and high surface area-to-volume 
ratio, NPs have distinct characteristics than their bulk coun-
terparts, resulting in significant differences in features [18]. 
Nanotechnology research has recently become a priority 
topic at the forefront of contemporary research in a variety 
of domains such as medicine, physics, chemistry, biology, 
and so on [19, 20].

Nanomedicine is the use of nanotechnology to treat, diag-
nose, monitor, and control illnesses. Despite recent medi-
cal improvements, several disorders, including AIDS [21], 
tumor [22], bacterial infections [23], diabetes [24], chronic 
pain [25], and autoimmune disorders [26], remain untreated. 
Because nanoparticles are the cornerstone of nanotechnol-
ogy, their use in medicine has opened up new avenues for 
treatment [27].

Chemical and physical methods for NP synthesis have 
become popular in recent years due to the use of less energy 
during metal reduction and the formation of homogenous 
NPs with high accuracy [28]. Thus, typical NP synthesis 
methods are arduous, time-consuming, dangerous, and rely 
on the use of toxic compounds that are unhealthy (cytotoxic, 
genotoxic, carcinogenic) and function as potent environmen-
tal pollutants [29]. Furthermore, due to their instability and 
toxicity, the biological uses of NPs derived through chem-
osynthesis have been limited [30]. As a result, there is a dif-
ficult scientific necessity to identify alternate green sources 
to address these disadvantages. The hardest job in green 
synthesis of metal nanoparticles is to identify an appropri-
ate and nontoxic natural product, as well as an eco-friendly 
solvent solution [31].

Green synthesis employing plant extracts or microorgan-
isms is a clean method since no hazardous chemicals are 
used in the production process; also, the synthesis process 
happens under moderate pressure and temperature condi-
tions and at a lower cost [32, 33]. Using many sorts of bio-
logical systems, eco-friendly and low-cost methods might be 
developed. These are referred to as “biological techniques of 
synthesis,” and they involve bacteria, fungi, yeasts, microal-
gae, macro algae, and plant extracts [34].

Endophytes are fungal or bacterial members that live 
inside plant tissues for brief periods of time or throughout 
the plant’s life cycle without negatively affecting the host 
plant [35]. E. robusta possesses pharmacological efficacy, 
particularly in cancer and inflammation, as well as antioxi-
dant and antibacterial properties [36].

Various chemical and physical methods are used to cre-
ate ZnO NPs. Nonetheless, these methods are costly and 
harmful to the environment. As a result, the biosynthesis of 
ZnO NPs has lately advanced fast, with microorganisms that 
are cleaner, eco-friendly, non-toxic, and biocompatible as 
alternatives to chemical and physical methods [18]. Because 
of its biodegradability, low toxicity, and low cost, ZnO NP 
has been employed in an increasing variety of commercial 
goods such as paint, coating, cosmetics, and biomedicine 
[37] during the last two decades, notably in the anticancer 
or antibacterial domains [38].

ZnO NP are antimicrobial and inhibit microbe forma-
tion by entering the cell membrane. In E. coli, it has been 
supported by an oxidative stress mechanism involving zinc 
oxide nanoparticles [39]. Their low toxicity to human cells, 
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low cost, size-dependent effective inhibition against a wide 
range of bacteria, capacity to prevent biofilm development, 
and even elimination of spores make them appropriate for 
use as anti-bacterial agents in fabrics [40]. Interestingly, 
multiple investigations have found that ZnO NPs are non-
toxic to human cells [41, 42], which has required their use 
as antibacterial agents, hostile to microorganisms, and have 
high biocompatibility with human cells [43].

Antibiotic abuse has resulted in an increase in bacte-
rial resistance and, as a result, a decrease in the efficacy 
of the few available antibiotics. Alternatively, due to their 
large specific surface area, ease of modification by func-
tional groups, and broad-spectrum antibacterial action, Au 
NPs are potential antibacterial behavior. Their antibacterial 
effects are directly connected to particle size, dispersibility, 
and surface modification, all of which may be modified by 
varying reaction conditions [44].

Nanomaterials are predicted to change cancer detection 
and treatment [45]; colorectal cancer (CRC) is the second 
fatal cancer and the third most common malignant tumor. 
There had been 1.8 million new CRC cases in 2018, with 
approximately 900,000 deaths [46]. By 2035, the number of 
new cases is predicted to reach approximately 2.5 million 
[47]. The synthesized NPs demonstrated anticancer efficacy 
in the treated HepG2 liver cancer cell line, as well as a note-
worthy non-toxic impact on the normal VERO cell line [48]. 
Previous study discovered that Au NPs had good anticancer 
capabilities against a range of cell lines, including ADR/
MCF-7 cancer cells, Lewis lung carcinoma (LL2) cells, 
HCT15, HCT116, HT29, A549 lung epithelial cancer cell 
line, and RKO colon cancer cell lines, LN229 human glioma 
cancer lines, A549 cells, U87, HDF, HeLa cells, HepG2, and 
C0045C, 4T [49, 50].

This study aims to biosynthesize and characterize ZnO 
NPs, and Au NPs using the extract of endophytes F. chla-
mydosporum isolated from the leaves of E. sideroxylon plant 
for the first time, and additionally, to assess their antimicro-
bial, as well as anticancer activities for possible applica-
tion in biomedical fields as safe and an ecofriendly catalytic 
agents.

2 � Materials and methods

2.1 � Chemicals and materials

All of the chemicals and reagents utilized in this investi-
gation were of analytical grade and were not purified fur-
ther. NanoTech for Photo-Electronics, City of 6 October, 
Giza, Egypt, supplied anhydrous zinc sulfate (Zn SO4) and 
gold chloride dihydride (HAuCl4 · 2H2O). Crystal violet 
and dimethyl sulfoxide (DMSO) had been purchased from 

Sigma Aldrich, USA, and trypan blue dye from St. Louis, 
Mo., USA.

2.2 � Cell lines

VACSERA for Biological Products and Vaccines SAE, Giza, 
Egypt, provided the HCT116 and CACO2 cell lines. All of 
the chemicals and microbiological medium used were of 
analytical quality and did not need to be purified further.

2.3 � Microorganisms

In the extended-spectrum beta-lactamase according to the 
American Type Culture Collection, the Escherichia coli 
BAA-199 strain belongs to the SHV-3-ESBL class, which 
contains ESBL enzymes that confer resistance to extended-
spectrum cephalosporins and monobactams.

Multiple drug resistance Pseudomonas aeruginosa BAA-
2112 is a Gram-negative strain with resistance up to 15 anti-
biotics, including penicillins, cephalosporins, carbapenems, 
quinolones, and aminoglycosides, according to the American 
Type Culture Collection. They were graciously provided by 
the National Research Center in Giza, Egypt.

2.4 � Plant

Healthy Eucalyptus sideroxylon plant samples were obtained 
from Desert Research Center, Egypt; to acquire endophytes, 
separate sterile polythene bags were utilized to transport 
healthy plant samples from their native habitat. According 
to Fisher and Petrini [51], the samples were transported into 
the laboratory and processed within 24 h [51].

2.5 � Isolation of endophytic fungi

Healthy small cuttings of some Eucalyptus sideroxylon plant 
leaves were gathered. Entophytic fungi were isolated from 
plant parts using the technique described by Hallman et al. 
[52], with the following modifications: To eliminate dust and 
dirt, healthy leaves were carefully cleaned under running tap 
water. Explants were washed well before being sliced into 
0.5 cm × 0.5–1 cm slices without the midrib under aseptic 
conditions.

Surface sterilization of explants was achieved by immers-
ing them in 70% ethanol for 30 s, followed by 3 min in a 13% 
commercial bleach solution (Clorox) (sodium hypochlorite 
solution), followed by three rinses with sterile distilled 
water. Explants were placed on sterile Petri dishes with 
sterile potato dextrose agar (PDA) treated with chloram-
phenicol (50 mg/L) to limit bacterial proliferation. All dishes 
were covered with par film and cultured at 28°C for up to 
7 days, following which emerging fungi were purified and 



2288	 Biomass Conversion and Biorefinery (2025) 15:2285–2302

1 3

transferred to fresh sterile PDA plates for another 7 days of 
incubation [53].

2.6 � Identification of fungal isolates

Using an image analysis approach, the most potent fungal 
isolate was discovered at the Regional Center for Mycology 
and Biotechnology (RCMB) (Leica CTR 5000, 280 DFC). 
Endophytic fungus was transferred to malt extract medium 
and cultured for 7 days at 25°C with shaking (180 rpm). 
Centrifugation was used to gather mycelia, and DNA was 
recovered. PCR amplification of purified DNA was per-
formed using primers ITS1 and ITS4.

The sequences of fungal internal transcribed spacer ribo-
somal DNA (ITS-rDNA) were used to identify them. For 
ITS-rDNA amplification, a set of primers, ITS1 (5′-TCC 
GTA​GGT​ GAA CCT GCG G-3′) and ITS4 (5′-TCC TCC 
GCT TGA TAT GC-3′) were employed [54], resulting in an 
ITS region amplicon of around 550 bp.

The BLAST software, which is accessible on the 
National Center for Biotechnology Information website, 
was used to examine sequence data in the Gene Bank 
database (http://​www.​ncbi.​nlm.​nih.​gov). To examine 
DNA similarities, the unknown sequence was compared 
to all of the sequences in the database [55]. Bio Edit soft-
ware was used to assess alignment and molecular phylog-
eny. The PCR results for the isolate under examination 

Fig. 1   Fusarium chlamydosporum endophytic fungus phylogenetic tree based on 18S r-RNA sequencing (yellow highlighted)

Table 1   The results of the molecular identification of Fusarium chlamydosporum endophytic fungus using 18S rRNA

Accession number Identification Accession number isolated by high 
similarity

Highly similarity isolates Identity %

MW341592.1 Fusarium chlamydosporum isolate MH863977.1 Fusarium verticillioides culture 
CBS:126206 strain CBS small sub-
unit ribosomal RNA gene 126206, 
partial sequence

99.81%
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Fig. 2   UV-Vis. spectrum of a ZnO NPs and b Au NPs
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were purified and sequenced at the Sigma Company of 
Scientific Service.

2.7 � Fungal biomass preparation

On a rotary shaker (120 rpm), all fungi were cultivated for 
96 h on malt extract broth at 28 °C. The biomasses were 
collected by filtering them using Whatman filter paper no. 
1 and then washing them in distilled water to remove any 
medium components. The biomass (25 g wet weight) was 
placed in separate flasks with 100 mL of deionized water and 
incubated for 24 h as previously described. The biomass was 
filtered, and the cell filtrate was collected and used to create 
nanoparticles [56].

2.8 � Biosynthesis of gold and zinc oxide 
nanoparticles

The complete synthesis of ZnO and Au NPs was 
performed after about 1 mL of Zn SO4 (0.1 M), and 
HAuCl4 (0.1 M) were separately added to 10 mL of 
fungal filtrate, and the solutions were agitated for 24 h 
in the dark at room temperature [57]. Initial characteri-
zation of produced NPs as UV-Vis spectrum of extracts 
depicts the green synthesis processes of ZnO NPs and 
Au NPs [58].

2.9 � Characterization of the synthesized NPs

Ocean Optics USB2000+VIS-NIR fiber optics spectropho-
tometer was used to acquire absorption spectra. The color 
change of cell-free filtrate when combined with Zn SO4 and 
HAuCl4 solutions was determined at wavelengths ranging 
from 300 to 800 nm [59]. The fungal supernatant was used 
as a blank.

The transmission electron microscopy (HR-TEM) pic-
tures were taken at the Nanotech Company for Photo-Elec-
tronic, Dreamland, Egypt, on the 6th of October city. The 
HRTEM is a JOEL JEM-2100 at 200 kV with a Gatan digital 
camera Erlangshen ES500. Sample photos were obtained in 
order to clearly demonstrate the particle makeup. X-ray dif-
fraction (XRD) patterns were created using an XPERT-PRO 
Powder Diffractometer system, with 2 Theta (20°–80°), with 
minimum step size 2 Theta 0.001, and a wavelength (Ka) of 
1.54614°.

The energy-dispersive X-ray (EDX) analysis is deter-
mined using an X-Max 80 detector unit equipped with a 
JEM-1230 transmission electron microscope for the detec-
tion of unique X-rays for elemental analysis (TEM) [60]. A 
Zeta-sizer (Model: Malvern Nano ZS Nano) dynamic light 
scattering (DLS) system equipped with a red (633 nm) laser 
and an Avalanche photodiode detector (APD) (quantum 
efficiency > 50% at 633 nm) were used to determine the 
hydrodynamic diameter (HD) and Zeta-potential (Malvern 

Fig. 3   Determination of particle size distribution by DLS analysis where a for Au NPs and b for ZnO NPs

Fig. 4   Determination of surface charge and stability by ZP analysis where a for Au NPs and b for ZnO NPs
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Instruments Ltd., England). The samples were diluted 10 
times with deionized water before being measured, and 250 
ml of the suspension was transferred to a disposable low 
volume cuvette. After equilibration to a temperature of 25°C 
for 2 min, five measurements were taken using 12 runs of 
10 s each [61].

2.10 � Antibacterial activity of the biosynthesized Au 
NPs and ZnO NPs

Two Gram-negative MDR bacteria, Escherichia coli 
BAA-199 and Pseudomonas aeruginosa BAA-2112, were 
tested for antibacterial activity of the biosynthesized Au 
NPs and ZnO NPs against harmful bacteria. The MIC 
is the lowest antibacterial agent concentration that can 
suppress bacterial growth [62]. According to Clinical and 
Laboratory Standards Institute (CLSI) recommendations, 
the MIC of biosynthesized Au NPs and ZnO NPs against 
bacteria was evaluated in a 96-well microtiter plate using 
2,3,5-triphenyl tetrazolium chloride [63, 64], with some 
modifications from a previously described method by 
Ashengroph et al. [65].

In brief, the bacterial culture was cultivated until it 
reached a McFarland standard of 0.5. Following that, 10 
μL of bacterial suspension was pipetted into wells contain-
ing 140 μL of nutritional broth with varying quantities of 
ZnO NPs and Au NPs (0.12 to 31.25 μg/mL). As a control, 
nutrient broth without ZnO NPs and Au NPs was provided. 
The microtiter plate was incubated at 37°C for 24 h [66]. 
After that, 10 μL of 2, 3, 5-triphenyl tetrazolium chloride 
solution (20 mg/mL) was added to each well and incubated 
for 3 h at 37 °C [67]. The MIC value was investigated in 
wells that did not produce a red color [68]. The measure-
ments were taken in triplicate, and the average values SD 
were computed. The well-known and efficient antibiotic 
(AMC; amoxicillin/clavulanic acid) was used for positive 
control.

2.11 � Cytotoxic effects of Au NPs and ZnO NPs

2.11.1 � Cell line propagation

The cells  were grown in Dulbecco’s modif ied 
Eagle’s medium (DMEM) supplemented with 10% 

(a) (b)

Fig. 5   XRD analysis for a Au NPs and b ZnO NPs

(a) (b)

Fig. 6   EDX analysis for a Au NPs and b ZnO NPs
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heat-inactivated fetal bovine serum, 1% l-glutamine, 
HEPES buffer, and 50 μg/ml gentamycin. All cells were 
grown twice a week at 37°C in a humidified atmosphere 
with 5% CO2 [69].

2.11.2 � Cytotoxicity evaluation using viability assay

For the cytotoxicity experiment, the cells were planted 
in a 96-well plate with 1 × 104 cells per well in 100 μl of 
growth medium. After 24 h, new medium containing vary-
ing amounts of the test sample (ZnO NPs, and Au NPs) 
were introduced. A multichannel pipette was used to apply 
repeated twofold dilutions of the tested chemical component 
to confluent cell monolayers in 96-well flat-bottomed micro-
titer plates (Falcon, NJ, USA).

The microtiter plates were incubated in a humidified 
incubator with 5% CO2 for 24 h at 37°C. Three wells were 
used for each concentration of the test material (ZnO NPs, 
and Au NPs). Control cells were grown in the presence or 
absence of test sample and DMSO. The experiment was 
unaffected by the modest amount of DMSO (maximum 
0.1%) included in the wells. After 24 h of incubation at 
37°C, the viable cell yield was determined using a colori-
metric method. The absorbance at 490 nm was measured, 
and the percentage of living cells was calculated using the 
following equation.

3 � Results and discussion

3.1 � Endophytic fungi‑assisted green synthesis 
of ZnO NPs and Au NPs

Our study was ongoing by isolation of fungal endophytes 
from leaves of Eucalyptus sideroxylon plant, the fungi 
grown out from plant tissues, were separated into pure 
culture on PDA. Endophytic fungi are an exceptional 
source of natural bioactive compounds utilized in medi-
cine and food industry moreover; they were used in the 
synthesis of different nanomaterials [71].

For screening the potentiality of the isolated endo-
phytic fungi for extracellular biosynthesis of ZnO NPs 
and Au NPs, aqueous solution of Zn SO4 (0.1 M) and 
HAuCl4 (0.1 M) were mixed with their corresponding 

(a) (b)

Fig. 7   Determination of shape and size by TEM imaging analysis where a for Au NPs and b for ZnO NPs

Table 2   MICs of different prepared NPs (ZnO, and Au NPs) against 
P. aeruginosa 

Sample conc. (μg/ml) ZnO NPs Au NPs

Inhibitory percentage (%) ± SD

Mean of 
inhibitory %

SD Mean of 
inhibitory %

SD

31.25 100 – 100 –
15.63 100 – 100 –
7.81 100 – 100 –
3.9 100 – 79.14 0.58
1.95 100 – 62.14 1.3
0.98 86.27 0.92 48.16 0.58
0.49 51.43 1.1 27.34 0.41
0.24 39.31 0.81 11.93 0.63
0.12 14.32 0.42 5.14 1.3
0 0 – 0 -
LSD 1.3333 0.5555
MIC (μg/ml) 1.95 7.81

%of viability =
(mean optical density of the tested sample after treatment)

The average optical density of untreated cells.
× 100.

2.12 � Statistical analysis

ANOVA in one-way Duncan’s multiple regions and the least 
significant difference (LSD) report were used to statistically 
analyses the choices at P 0.05 [70]. Using SPSS software (ver-
sion 15), analyses and evaluations of the data and findings were 
conducted. All the experiments were performed in triplicate.
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filtrates. After the complete incubation, the colors of 
the fungal filtrate was changed from light yellow to 
off-white, and purple after mixing with Zn SO4 and 
HAuCl4 solutions, respectively, and this observation 
analysis was a preliminary identification for NP for-
mation [59].

From 13 fungal isolates (from FI-01 to FI-013), only 
one fungal isolate FI-03 was the most potent fungal strain 
for synthesis of both ZnO NPs and Au NPs, then it was 
identified at the Regional Center for Mycology and Bio-
technology (RCMB) using image analysis system (Leica 
CTR 5000, 280 DFC).

The isolated fungus was recognized as Fusarium chla-
mydosporum based on macroscopic and microscopic traits, 
as well as molecular identification by 18S rRNA, as shown 
in Fig. 1. As stated in Table 1, the DNA sequencing find-
ings were submitted to GenBank with the accession num-
ber MW341592.1.

By conducting a comparative study with Kumaravel 
J. [72], the fungal metabolites produced by Metarhi-
zium anisopliae have a larger concentration and aid in 
the biological synthesis of NPs by reducing zinc and 
copper ions. Fungal extract’s primary active metabo-
lites participate in the biogenic synthesis of different 
NPs through bio-reduction of their corresponding ions 
[73].

Based on Šebesta and Vojtková [74], the fungal fil-
trate contains enzymes with the capacity to convert 
metal ions to elemental metal (M°). Biomolecules can 
interact with metal ions to create intricate electron 
transport pathways during the production of metals, in 

which NADPH/NADH transform into NADP+/NAD+ 
[75, 76]. Fungal synthesis of NPs is a simple and 
straightforward method due to the simplicity of sub-
sequent processing and biomass procedures, as well as 
better productivity than bacteria [66, 77].

3.2 � Characterization of biogenic ZnO NPs, and Au 
NPs

3.2.1 � UV‑Vis. absorption spectra

The excitonic absorption peaks were between 300 and 400 
nm, which are typical for ZnO NP peak and hence establish 
their existence. The maximum absorption peak of the syn-
thesized ZnO NPs was 320 nm, demonstrating the synthesis 
of ZnO in the nano-form (Fig. 2a); this finding is in good 
agreement with the previously reported values [78], and 
consistent with recent findings showing ZnO NPs have a 
maximum absorbance wavelength in the region of 300–400 
nm [79, 80].

Additionally, Au NPs have a maximum absorbance 
peak at 530 nm. A single, prominent absorption peak in 
the spectra confirms the existence of metallic Au NPs 
(Fig. 2b). This finding agrees with the references [81, 82]. 
A convincing spectroscopic signal of their manifestation 
was supplied by the produced light’s off-white and pink 
colors, which were attributed to the activation of the sur-
face plasmon resonance of biogenic ZnO NPs and Au NPs, 
respectively [83].

The off-white and purple colors’ intensity matched 
the produced fungal filtrate’s capacity to biosynthesize 
ZnO NPs and Au NPs, respectively [84, 85]. Surface 
plasmon resonance (SPR) is often inf luenced by the 
intensity, size, morphology of the present surfaces, 
arrangement, and dielectric characteristics of any pro-
duced NPs [86, 87].

3.2.2 � Dynamic light scattering analysis

A common approach for assessing particle size in col-
loidal solution is dynamic light scattering. It is used to 
calculate the thickness of the shell of a capping or stabi-
lizing chemical encapsulating the metallic NPs as well 
as the actual particle size distribution of the metallic 
core [88].

According to DLS results, the hydrodynamic diameter 
(HD) of Au NPs and ZnO NPs is approximately 34.88 nm 
(Fig. 3a) and 15.77 nm (Fig. 3b), respectively, and their 
corresponding polydispersity index (PDI) was approxi-
mately 0.77, and 0.952, which attributed to the highest 
tendency to be aggregated based on their hydrophilicity 
nature (Fig. 3a, b).

Table 3   MICs of different prepared NPs (ZnO, and Au NPs) against 
E. coli 

Sample conc. (μg/ml) ZnO NPs Au NPs

Inhibitory percentage (%) ± SD

Mean of 
inhibitory %

SD Mean of 
inhibitory %

SD

31.25 100 – 100 –
15.63 100 – 100 –
7.81 100 – 100 –
3.9 100 – 100 –
1.95 100 – 71.32 0.96
0.98 100 – 49.82 1.3
0.49 100 – 31.91 0.58
0.24 79.35 1.3 17.34 1.3
0.12 51.63 0.58 5.62 0.47
0 0 – 0 –
LSD 1.3333 0.6000
MIC (μg/ml) 0.98 3.9
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The particle size stabilized NPs were determined using 
DLS analysis of the produced NPs, and the NPs produced 
had an average diameter of 40 to 45 nm which matched with 
the results of Clarance et al. [89].

The NPs that were produced in our study were greatly 
dispersed in a narrow and uniform size as a result of the 
scientific validity of DLS, which successfully improved their 
characteristics and applications [90].

3.2.3 � Zeta potential analysis

The synthesized NPs’ surface charge and stability were 
assessed using zeta potential (ZP) analysis.

The magnitude of ZP reflects a colloid’s potential stabil-
ity, with an average ZP value of 37.6 for Au NPs (Fig. 4a), 
and 8.01 for ZnO NPs as shown in Fig. 4b.

Fig. 8   Illustrates the expected reaction mechanisms of the bio-
genically synthesized ZnO NPs, and Au NPs against bacterial cell, 
where (1) ZnO NPs and Au NPs adhere to the bacterial cell surface 
and result in membrane breakdown, endocytosis, the creation of 
endosomes, and altered transport potential; (2) ZnO NPs and Au NPs 
damage the electron transport chain; (3) ZnO NPs and Au NPs pre-
vent ions from entering and leaving the bacterial cell; (4) ZnO NPs 
and Au NPs produce and increase ROS, which suggests that the bac-
terial cell wall is weakening; (5) ZnO NPs and Au NPs enter bacterial 
cells and interact with cellular organelles (such as DNA), affecting 

the function of the corresponding cellular components and trigger-
ing cell lysis; (6) ZnO NPs and Au NPs interact with enzymes and 
metabolism; (7) ZnO NPs and Au NPs disrupt the cell membrane and 
resulting in the leakage of the internal organelles; and (8) ZnO NPs 
and Au NPs inhibit the membrane protein. Additionally, ZnO NPs 
and Au NPs could act as a transporter to effectively release Zn2+ and 
Au+ ions into the cytoplasm and layer, where the presence of proton 
motive force would cause the pH to drop below 3.0 and encourage the 
release of Zn2+ and Au+ ions. The figure created by BioRender.com
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If particles have small zeta potential values, they resist 
each other and there is no aggregation; however, if particles 
have high negative or positive zeta potential values, there is 
no force to prevent particle coming together and aggregation.

In Tripathi et al.’s [91] study, Au NPs having a zeta poten-
tial of 35.9 mV may be stored for up to 2 months without 
losing quality or stability. The ideal value of ZnO zeta poten-
tial, according to Almukainzi et al. [92], ranges from +40 
to −40 mV to ensure adequate dispersibility with no risk of 
aggregation or flocculation [92].

3.2.4 � XRD analysis

According to the XRD pattern of as-prepared Au NPs, 
the face-centered cubic (fcc) structure of gold is the 
prevalent crystallographic structure (Joint Committee 
on Powder Diffraction Standards-JCPDS No. 04-0784). 
The diffraction peaks found at 2 θ = 38.31° (111), 43.46° 
(200), 64.67° (220), and 77.45° (311) are the same as 
those reported for standard gold metal (Au°). As shown 
in Fig. 5a, the XRD pattern indicates that the Au NPs 
were largely crystalline, as confirmed by Soni and 
Prakash [93].

The hexagonal shape is the most predominate crys-
tallographic structure in the as-prepared ZnO NPs, as 
seen by the XRD pattern (JCPDS No. 79-0205). The 
hexagonal structure was verified by the diffraction 
peaks with 2 θ =31.76° (100), 34.58° (002), 36.67° 
(101), 47.89° (102), 57.01° (110), 63.29° (103), 66.67° 
(200), 68.25° (112), 69.35° (201), 73.27° (004), and 
77.26° (202). In this case, no other impurity peaks are 
observed in the XRD patterns, suggesting that all prod-
ucts are relatively pure NPs, as shown in Fig. 5b, which 
is consistent with earlier results of Faisal et al. [94], 
and Koutu et al. [95].

The generated NPs were highly crystalline and conju-
gated with amorphous fungal filtrate, which increased their 
dispersion in the solution for improved biomedical applica-
tion, according to the XRD data analysis [96].

3.2.5 � EDX analysis

The EDX method is frequently used to get quantitative 
elemental information. The investigation of Au NPs with 
energy-dispersive X-rays revealed an optical absorption band 
peak at roughly 2.2 keV (Fig. 6a), which is typical of metal-
lic gold nanocrystallites’ absorption [97].

As demonstrated in Fig. 6b, the element mappings dem-
onstrate that Zn and O are blended uniformly in the spheres. 
The spectrum displays peaks for Zn at 1.5, 8.5, and 9.6 MeV, 
as well as an O peak from 0.9 to 1.1 MeV, indicating that the 
NPs have a ZnO structure.

Figure 6b displays the composition line profiles, and the 
EDX spectra revealed that the required phase of Zn and O 
was present in the samples, indicating the great purity of 
the generated ZnO NPs. In principle, the expected stoichio-
metric mass percent of Zn and O are 64.61 and 35.39%, 
respectively.

The EDX analyses in our work show identical results for 
both generated NPs, whereas the preceding study stated the 
elemental composition of zinc and oxygen as 76.9% and 
23.1%, respectively [98].

Table 4   Cytotoxicity evaluation of different NPs against colon cancer 
(HCT-116) cell line

Conc. of NPs  
(μg/ml)

Viability % in presence of 
Au NPs

Viability % in 
presence of ZnO 
NPs

0 100 ± 5.0 100 ± 8.1
0.05 100 ± 9.0 100 ± 8.3
0.1 100 ± 8.0 100 ± 6.8
0.2 100 ± 7.1 100 ± 4.6
0.39 100 ± 6.8 100 ± 6.2
0.78 97.49 ± 5.8 98.42 ± 6.0
1.56 89.13 ± 2.3 85.16 ± 5.7
3.125 70.68 ± 3.1 63.74 ± 3.7
6.25 47.52 ± 4.1 41.55 ± 5.5
12.5 31.89 ± 3.1 28.94 ± 2.8
25 17.93 ± 2.2 16.43 ± 1.8
50 7.48 ± 1.8 7.59 ± 1.4
100 3.62 ± 1.3 4.61 ± 1.2
IC50 5.92 5.06

Table 5   Cytotoxicity evaluation of different NPs against intestinal 
cancer (CACO2) cell line

Conc. of NPs  
(μg/ml)

Viability % in presence of 
Au NPs

Viability % in 
presence of ZnO 
NPs

0 100 ± 5.1 100 ± 5.4
0.05 86.41 ± 8.4 100 ± 7.7
0.1 81.73 ± 7.8 100 ± 6.9
0.2 71.39 ± 6.9 100 ± 5.4
0.39 62.50 ± 5.8 96.03 ± 4.9
0.78 54.89 ± 6.6 87.24 ± 5.6
1.56 43.12 ± 3.3 70.81 ± 4.6
3.125 36.08 ± 2.8 54.12 ± 4.3
6.25 28.65 ± 3.7 32.39 ± 2.9
12.5 20.97 ± 3.7 21.47 ± 3.3
25 11.46 ± 2.4 10.81 ± 4.3
50 5.19 ± 2.5 6.53 ± 2.9
100 2.34 ± 2.5 2.74 ± 3.5
IC50 1.1 6.07
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3.2.6 � HRTEM imaging

TEM was used to examine the size and exact shape of the syn-
thesized NPs. The particle size of the biosynthesized Au NPs 
ranged between 15 and 28 nm, with an average size of 22.1 nm 
indicating approximately spherical and separated particles as 
shown in Fig. 7a and matching with Mishra et al. [99].

On the other hand, the TEM image indicated that the 
biosynthesized ZnO NPs were spherical and hexagonal 
in form, with diameters ranging from 14 to 28 nm with a 
mean size of 19.3 nm as shown in Fig. 7b and matching 
with the earlier studies [100–102].

It was discovered that our synthesized NPs were poly-
dispersed, varied in size, and mostly had spheroidal parti-
cles as their dominating shape after compared to articles in 
the field on intermediate particle size and form. That effort 
indicated in the following study [103] may have produced 
a variety of forms.

Although all of the newly produced NPs were sphere- or 
orbicular-shaped, different morphologies may have been 

seen as a result of the extraction-based synthetic process, 
which is why the anisotropic form was detected. Only the 
most practical reducing and capping agents (fungal filtrate) 
were utilized in our research; thus, a stable form is exhib-
ited in several ways.

The findings showed that the estimated sizes of the 
particles identified by HRTEM imaging were smaller 
than the mean and prevalent sizes indicated by DLS 
analysis. The hydrodynamic radius of the biosynthe-
sized ZnO NPs and Au NPs and the surrounding water 
layers, as well as the considerable sizes of the biosyn-
thesized NPs, are the causes, based on the given refer-
ence [104].

By using the extract of a filamentous fungus, Castro-
Longoria et al. [103] synthesized silver, gold, and silver-
gold bimetallic. After the fungus was subjected to the 
aqueous solutions of 10−3 M of AgNO3 and HAuCl4, 
respectively, the shape of the NPs was found to be pri-
marily spherical with an average diameter of 11.0 nm for 
silver and 32.0 nm for gold.
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Fig. 9   Cytotoxicity evaluation of the biosynthesized ZnO NPs against CACO2 cell lines (a), Au NPs against CACO2 cell lines (b), ZnO NPs 
against HCT-116 cell lines (c), and  Au NPs against HCT-116 cell lines (d)
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3.3 � Antibacterial activity of biosynthesized Au NPs 
and ZnO NPs

The rise and fast spread of antibiotic-resistant bacteria pose 
a severe worldwide danger to human health. It is obvious 
that the time and principal necessary for generating new 
medicines is lengthy [105, 106].

In MHB media, NPs and pathogenic E. coli BAA-199 
and P. aeruginosa BAA-2112 are incubated. The inoculum 
bacterium concentration is roughly 1 × 105 CFU/mL. Two-
fold dilutions yielded NP concentrations ranging from 0.49 
to 125 μg/mL. After 24 h of incubation at 37°C, the absorb-
ance at 540 nm, which relies on the bacterium concentra-
tion, provides evaluation of the bacteria development.

Table 2 indicates the minimum inhibitory concentra-
tion (MIC), where MICs of Au NPs and ZnO NPs against 
P. aeruginosa were 7.81 and 1.95 μg mL−1, respectively, 
whereas Table 3 shows that the MIC of Au NPs and ZnO 

NPs against E. coli and were calculated as 3.9 and 0.98 μg 
mL−1, respectively. It must be noted that the MICs of the 
positive control (AMC; standard antibacterial agent) were 
15.0 μg mL−1 against E. coli and P. aeruginosa. 

Studies show that the MIC of ZnO NPs is lower than 
that of Au NPs against these pathogens such as E. coli and 
P. aeruginosa. It was discovered that increasing ZnO NP 
concentration leads in a reduction in microbial cell prolif-
eration. ZnO NP inhibitory effectiveness is affected by NP 
concentrations, sizes, and forms [39, 107].

P. aeruginosa and E. coli were both shown to be Gram-nega-
tive bacteria, and our results indicate the antibacterial activities of 
ZnO NPs and Au NPs at lower concentrations. Previous studies 
have shown excellent antibacterial activity, which is consistent 
with our findings [108, 109]. According to the literature review, 
ZnO NPs can inhibit bacterial development by disrupting the 
bacterial cell membrane and allowing cytoplasmic contents to 
leak out, ultimately leading to the bacterium’s death [110].

Table 6   Photos showed the effect of different types of biosynthetic NPs (Au NPs, and ZnO NPs; at different concentrations) against colon cancer 
(HCT-116) cell line

Treated 
biosynthesized 
nanoparticles

100 µg/mL 10 µg/mL 1 µg/mL

Au NPs

ZnO NPs

Control
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Some zinc-based nanocomposites were prepared by Al-
Dhabaan et al. [111], which exhibits better antibacterial 
and antifungal activities. The electrostatic interaction that 
damages cell membranes, disrupts proteins and enzymes, 
produces ROS and oxidative stress, binds to proteins and dis-
turbs homeostasis (disrupting the electron transport chain), 
inhibits signal transduction, and is genotoxic may be the 
mechanism of action of the produced NPs [16, 112]. Addi-
tionally, the effectiveness may be linked to the NPs’ exterior 
surface’s roughness, which damages cell walls and allows 
NPs to infiltrate plasma membranes [39].

Ibănescu [113] reported that Ag NPs and ZnO NPs had 
antibacterial action toward E. coli and Micrococcus luteus. 
Also, in other studies, Ag NPs and ZnO NPs exhibited 

antibacterial activity against P. aeruginosa and S. aureus 
[114–116].

Based on the obtained antibacterial activity results of 
ZnO NPs, and Au NPs, we continued to investigate the 
mechanism of action of ZnO NPs, and Au NPs on tested 
bacteria. Uncertain is the precise mechanism by which ZnO 
NPs and Au NPs affect cells. Figure 8 illustrates the dif-
ferent modes of action of ZnO NPs, and Au NPs, which 
include an attachment to the surface of the bacterial cell 
wall and membrane, penetration into the cell and disruption 
of intracellular organelles and biomolecules, development 
of oxidative stress, and modification of signal transduction 
pathways [88, 117, 118]. Figure 8 shows the different modes 
of actions of ZnO NPs and Au NPs.

Table 7   Photos showed the effect of different types of biosynthetic NPs (Au NPs, and ZnO NPs; at different concentrations) against intestinal 
cancer (CACO2) cell line

Treated 
biosynthesized 
nanoparticles

100 µg/mL 10 µg/mL 1 µg/mL

Au NPs

ZnO NPs

Control
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3.4 � Anticancer effects of biosynthesized Au NPs 
and ZnO NPs

The biosynthesized Au NPs and ZnO NPs’ medicinal 
importance is particularly promising in the realm of anti-
cancer therapy. The 50% inhibitory concentration (IC50) 
is the concentration required to cause toxicity in 50% of 
unaffected cells.

Tables 4 and 5 show the least inhibitory concentrations 
of ZnO NPs (5.06 μg/mL and 6.07 μg/mL) and Au NPs (5.9 
μg/mL and 1.1 μg/ml) against HCT-116 and CACO2 cell 
lines, respectively.

Toxicity of biosynthesized ZnO NPs on CACO2 cells 
increases as dose-dependently like 0.0, 0.05, 0.1, 0.2, 0.39, 
0.78, 1.56, 3.125, 6.25, 12.5, 25, 50, and 100% μg/mL of 
ZnO NPs where the percentage of cell viability is reduced by 
100, 100, 100, 100, 96.03, 87.24, 70.81, 54.12, 32.39, 21.4, 
10.81, 6.53, and 2.74%, respectively, as shown in Fig. 9a.

Additionally, the percentage of cell viability is reduced by 
100, 86.41, 81.73, 71.39, 62.5, 54.89, 43.12, 36.08, 28.65, 
20.97, 11.46, 5.19, and 2.34%, respectively, when treated 
with the biosynthesized Au NPs as illustrated in Fig. 9b.

The same situation was observed in the toxicity of bio-
synthesized ZnO NPs on HCT-116 cell line where the per-
centage of cell viability is reduced to be finally 3.62, and 
4.61% after the treatment with 100% Au NPs and ZnO NPs, 
respectively (see Fig. 9c, d).

Although this significant decrease in cell viability was 
expected at first look that make ZnO NPs is more effective 
against colon cancer HCT-116 than Au NPs because ZnO 
NPs have IC50 Lower than Au NPs. has also been reported 
in previous studies [119].

Data analysis indicated that the vitality of treated cell 
lines was dose dependent; as the concentration of ZnO NPs 
raised, the viability dropped [120]. Another study found 
that biogenic ZnO NPs showed cytotoxic activity against 
colorectal cancer cell lines (HCT-116 and CACO-2) but not 
against the control cell line (HEK-293) [121]. Table 6 shows 
some photos of the treated colon cancer (HCT-116) cell line 
by different biosynthesized Au NP and ZnO NP concentra-
tions with respect to the control non-treated cells. Addition-
ally, Table 7 shows some photos of the treated intestinal 
cancer (CACO2) cell line by different biosynthesized Au 
NPs and ZnO NPs concentrations with respect to the control 
non-treated cells.

The increased anticancer action of ZnO NPs and Au NPs 
is owing to the release of Au+ and Zn2+ ions, which resulted 
in ROS penetrating the cancer cell membrane and caus-
ing cell death. The generation of ROS is a key mechanism 
behind NPs anticancer activity [122, 123]. By using a methyl 
thiazolyl tetrazolium assay, Low et al. [119] demonstrated 
that the synthesized ZnO NPs have anticancer properties 
when tested against the HCT-116 human colon cancer cell 

lines. Higher potency ZnO NPs than those made chemically 
showed substantial anticancer effect against colon cancer 
cells [119].

According to Abolghasem et al. [124], cervical (HeLa), 
ovarian (Caov-4), and breast (MCF-7) cancer cell lines all 
exhibited anticancer activity when exposed to biologically 
produced Au NPs at various concentrations [124]. Au NPs 
are currently becoming more well known for their applica-
tion in the detection and treatment of cancer.

On cancer cells, Au NP conjugations with adamantane 
and cyclodextrins appear to have photothermal effects [125]. 
According to a research by Hamed et al. [126], biosynthe-
sized Au NPs used in the study demonstrated successful 
antibacterial and anticancer properties [126].

Similar investigations demonstrated that equivalent IC50 
values of 2.7 μg/mL were achieved. Over the normal cell lines, 
the particles, however, were shown to be innocuous [127]. The 
control cells, however, had typical intact cell morphology.

Other investigations also noted substantial modifications 
in cancer cell shape following treatment with ZnO NPs 
[120]. Because of their lower IC50 values, green ZnO NPs 
have a higher anticancer potential, according to our data.

Ambujakshi and Raveesha [128] reported biosynthe-
sized Ag and ZnO NPs using Chonemorpha grandiflora leaf 
extract MCF 7, HCT 116, and A 549 cell lines. Addition-
ally, Elsayed and Alomari [129] fabricated ZnO and Ag NPs 
using laser ablation and found these particles have anticancer 
activity against HCT-116 and HELA cancerous cell lines.

Finally, Pandiyan and Murugesan [130] reported that the 
nanocomposite (Ag-Au/ZnO) has potential anticancer activ-
ity toward human cervical cancerous cells (HeLa).

4 � Conclusion

Fusarium chlamydosporum MW341592 can be used to bio-
synthesis ZnO NPs and Au NPs without the use of hazard-
ous chemical reagents by a cost-effective, non-toxic, and 
ecofriendly method. The biosynthesized ZnO NPs and Au 
NPs were pure, mostly spherical, and averaged 19.3 nm and 
22.1 nm in size, respectively. The magnitude of ZP reflects a 
colloid’s potential stability, with an average ZP value of 37.6 
for Au NPs and 8.01 for ZnO NPs. The biosynthesized ZnO 
NPs efficiently suppressed the growth of Gram-negative 
bacteria E. coli at MIC = 0.98 μg/mL and P. aeruginosa at 
MIC = 1.95 μg/mL, more than the biosynthesized Au NPs 
making ZnO NPs a promising antibacterial agent. It was 
founded that increasing ZnO NP concentration leads in a 
reduction in microbial cell proliferation, and the inhibitory 
potential is affected by their concentrations, sizes, and shape. 
The anticancer results indicate that the least inhibitory con-
centrations for ZnO NPs were 5.06 μg/mL and 6.07 μg/mL 
and for Au NPs were 5.92 μg/mL and 1.1 μg/ml against 
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HCT-116 and CACO2 cell lines, respectively. Toxicity of 
biosynthesized ZnO NPs on CACO2 cells increases as dose-
dependently like 0.0, 0.05, 0.1, 0.2, 0.39, 0.78, 1.56, 3.125, 
6.25, 12.5, 25, 50, and 100% μg/mL of ZnO NPs where the 
percentage of cell viability is reduced by 100, 100, 100, 100, 
96.03, 87.24, 70.81, 54.12, 32.39, 21.4, 10.81, 6.53, and 
2.74%, respectively. The biosynthesized ZnO NPs and Au 
NPs like almost active polymeric materials will be the key to 
overcoming the limitations of other bactericidal substances 
such as some resistant substances and drugs. Antimicrobial 
and anticancer biomaterials, their unique combinations, and 
the methodologies now under development will pave the 
way for a bright future in infection and cancer therapies. 
Therefore, the activities of the biosynthesized ZnO NPs and 
Au NPs against the virulence factors of some pathogenic 
bacteria make treatment options much easier compared to 
the challenge represented by the exceptional ability of patho-
genic bacteria to acquire resistance. To fully comprehend the 
mechanism underlying biosynthesized ZnO NPs and Au NPs 
and antibacterial and anti-cancerous effects, as well as their 
potential genotoxicity, more research is necessary.
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